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A plasma contactor system has been baselined for the International Space Station Alpha (ISSA) to control the electrical
potentials of surfaces to eliminate/mitigate damaging interactions with the space environment. The system represents
a dual-use technology which is a direct outgrowth of the NASA electric propulsion program and, in particular, the
technology development effort on ion thruster systems. The plasma contactor subsystems include a hollow cathode
assembly, a power electronics unit, and an expellant management unit. Under a pre-flight development program these
subsystems are being developed to the level of maturity appropriate for transfer to U.S. industry for final development.
Development efforts for the hollow cathode assembly include design selection and refinement, validating its required
lifetime, and quantifying the cathode performance and interface specifications. To date, cathode components have
demonstrated over 10,000 hours lifetime, and a hollow cathode assembly has demonstrated over 3,000 ignitions.
Additionally, preliminary integration testing of a hollow cathode assembly with a breadboard power electronics unit
has been completed. This paper discusses test results and the development status of the plasma contactor subsystems

for ISSA, and in particular, the hollow cathode assembly.

Introduction ’ .

The International Space Station Alpha (ISSA) power
system is designed with high voltage solar arrays which
operate at output voltages of typically 140-160 volts, and
is configured with a "negative ground" that electrically
ties the habitat modules, structure, and radiators to the
negative tap of the solar arrays. This electrical configu-
ration and the plasma current balance that results will
cause the habitat modules, structure, and radiators to float
to voltages as large as -120 V with respect to the ambient
space plasma.’ As a result of these large negative
floating potentials, there exists the potential for deleteri-
ous interactions of ISSA with the space plasma. These
interactions may include arcing through insulating
surfaces and sputtering of conductive surfaces due to
acceleration of ions by the spacecraft plasma sheath.
Both of these processes result in changes in surface
material properties, destruction of coatings, and contami-
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nation of surfaces due to redeposition.

The space experiment SAMPIE (for Solar Array Module
Plasma Interactions Experiment) was recently flown on
the Space Transportation System STS-62 and provided
validation of the theoretical-models of spacecraft charging
which were used to predict the station floating potentials.
The flight data from this experiment, which quantified the
current collection to station solar array elements, con-
firmed the need for a plasma contactor to control the
potential of the space station.?

Based on it’s potential- effectiveness, a decision was
made to baseline a plasma contactor system on ISSA as

" the solution to alleviate plasma interactions.’ NASA has

therefore initiated a plasma contactor development
program as part of the ISSA electrical power system.
There are several major derived operational require-
ments for the station plasma contactor system which
include capability to control station potential to within 20
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volts of space plasma potential; emit electron currents up
to 10 A under dynamic and variable conditions; operate
for up to 17,500 hours without degradation; minimize
consumables; be single-fault tolerant in design; be
compatible with all space station utilities; be robotically
serviceable; and incorporate health monitoring instrumen-
tation, including instrumentation to measure the plasma
return current. A more detailed discussion of these
requirements may be found in Reference 4.

For the ISSA application, efficient and rapid emission
of high electron currents is required by the plasma
contactor system under conditions of variable and uncer-
tain current demand. A hollow cathode plasma source is
well suited for this application and was therefore selected
as the design approach for the station plasma contactor
system.®

Active emission to the space plasma of electron current
at least matching the net electron current collected on the
station solar arrays (referred to as "clamping” mode) is
required for only a small portion of the station orbital
period. This period is during approximately one-third of
the orbit, from dawn through noon when the solar arrays
are illuminated, generate power, and face in the ram
direction. During the remainder of the orbital period the
hollow cathode plasma source may be either operated in

an "idle" mode or turned off. A baseline approach of
keepmg the station hollow cathode plasma .-source on
continuously throughout the orbit has been selected.’

This paper discusses the test results and development
status of the plasma contactor subsystems for ISSA, and
in particular, the hollow cathode plasma source.

System Design

The ISSA plasma contactor system (PCS) consists of
four subsystems including a hollow cathode assembly
(HCA), a power electronics unit (PEU), an expellant
management unit (EMU), and an ‘orbit replaceable unit
(ORU). Figure 1 shows a conceptual design for the
plasma contactor system. The hollow cathode assembly,
or HCA, is the active electron emitter. It consists of a
hollow cathode, a low-work function insert for electron
emission, an anode, a heater, and an electrical isolator.
The design approach selected for the station HCA 1s an
enclosed-keeper geometry, operating on xenon gas.*

The power electronics unit, or PEU, conditions power
from the ISSA 120 VDC main power bus, converting it
to the levels necessary for the plasma contactor system.
It consists of the power supplies for operation of the

hollow cathode and the gas feed system valves, and a -

controller to provide a command and telemetry interface
to the station data system.

The expellant management unit, or EMU, consists of a
high-pressure gas storage tank, xenon gas, and gas feed
system components including lines, valves, and regula-
tors. The EMU stores the xenon as a gas under high
pressure, and controls and regulates its flow to the HCA.

The fourth subsystem, the ORU, is a standard station
avionics box which provides the structural, thermal,
electrical, and data interfaces, as well as providing micro-
meteoroid protection. Table 1 lists the technology issues
with each of the subsystems and identifies their associated
functions.

Test Apparatus and Procedure

Development activities and tests of the station PCS
subsystems are underway at NASA Lewis Research Cen-
ter These activities dre being conducted to establish
requirements and specifications for the flight system, and
to validate these requirements and specifications via long-
duration lifetests under appropriate environmental and
operational conditions.

The details of the HCA design are described in the
following section, while the design of the PEU used in
integration testing can be found in References 6 and 7.
The electrical configuration of the HCA tests is shown in
the schematic of Figure 2. Two power supplies are used -
for the operation of the HCA including the heater supply
(used in starting only), and the anode power supply. In
steady-state operation, an electron current of fixed magni-
tude (referred to here as the anode current) passes from
the HCA cathode to anode and is circulated through the
anode supply. For most performance tests, commercial
power supplies were used to operate the HCA.

An additional power supply, labeled as the bias supply,
is used to vary the potential between the HCA and
facility ground, and simulates the potential established
between space station structures and space plasma. To
quantify the electron emission capability of the HCA, the
hollow cathode of the HCA is biased negative with
respect to facility ground, causing electrons produced by
the HCA to be emitted from it and collected at the
vacuum tank walls. This electron current is referred to
here as the contactor emission current, and is, in space,
equivalent to the electron current emitted by the contactor
which offsets that collected by the station high voltage
solar arrays. The potential difference between HCA
cathode and facility ground is referred to as the clamping
voitage. When the contactor emission current is zero but
the HCA cathode is emitting to the anode, the HCA is
operating in an idle mode. When the contactor emission
current is non-zero, the HCA is operating in a clamping
mode. '

For performance and lifetime characterizations of the
HCA, and integration testing of the HCA with the power
electronics unit, several vacuum facilities were construct-
ed, and these are described in detail in Reference 5. Two
of the primary facilities are described briefly here.

The characterizations of the steady-state operation of the
HCA and integration tests of the HCA with the power
electronics unit were conducted in the plasma contactor
system integration stand shown in Fig. 3. This vacuum
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facility, fabricated of aluminum, is 2.1 m in diameter and
43 m long. The pumping train includes a two-stage
blower system backed up by a roughing pump. The
chamber is equipped with four 0.9 m diameter helium
refrigerator cryopumps which together provide a xenon
pumping speed of approximately 60,000 £/s. The cham-
ber has several test ports, one of which is 0.9 m in
diameter with a 1.1 m long spool piece and an isolation
valve for installation of the HCA into the main chamber.

Assessments of the HCA to quantify its electron
emission capability and its optical and radiated emissions
were performed in a large vacuum facility which is
approximately 4.6 m in diameter by 18.3 m long and has
a xenon pumping speed of approximately 340,000 /s,
provided by twenty 0.9 m diameter oil diffusion pumps
and a 15 K helium cryosurface of approximately 28 m?
area.

1t is noteworthy that there are environmental and scaling
effects which can impact the electron emission character-
istics of the HCA, and these effects become more pro-
nounced at high contactor emission currents. These
effects include the proximity, geometry, and surface
condition of the extemal anode simulating the current
draw to the space plasma. To mitigate these effects and
obtain what is believed are space-like conditions, all test
results reported here were obtained with a large area
anode () 100 m?), whose surfaces were in excess of 2 m
from the HCA.

Hollow Cathode Assembly

In the present development phase the HCA for ISSA
will be brought to an engineering status appropriate for
transfer to industry for final development. This section
describes the design of the HCA, and discusses prelimi-
nary results obtained from performance and lifetime tests.
In the course of this development program, performance
and lifetime assessments will be conducted on approxi-
mately 3 prototype HCA units, and 15 engineering model
HCA units. Up to an additional 10 units of a modified
design will be fabricated and tested in the event that
design modifications, as identified from lifetime or
vibration tests, are required.

Design :

As previously mentioned, the design approach selected
for the station HCA is an enclosed-keeper geometry,
operating on xenon gas. Prior to this selection, several
alternative hollow cathode plasma source designs were
investigated, including ring-cusp type sources. While a
discussion of all the criteria used in the selection of the
baseline HCA design is beyond the scope of this paper
(see Reference 4 for a detailed discussion) a few observa-
tions are made here.  No significant difference in the
xenon flow rate requirement was observed for any of the
various hollow cathode plasma source designs investigat-

ed. This is because the contactor emission current itself
contributes significantly to the source ionization efficien-
cy. A second observation was that the magnitude of the
clamping voltage varies directly with the HCA anode
voltage. )

The primary considerations in HCA selection were to
design a HCA which satisfies the potential control
requirement (< 20 volts clamping voltage) and maximizes
expectations for long life. Based on these considerations,

. an enclosed-keeper hollow cathode design approach was

selected. :

The ISSA HCA design consists of a hollow cathode, an
anode, a heater, an insulator, and an electrical isolator.
The hollow cathode itself consists of a refractory alloy
tube with an orifice plate welded on one end. The tube
is several millimeters in diameter, while the orifice in the
plate is a fraction of a millimeter in diameter. An insert,
which is located within the hollow cathode, serves as a
low-work function electron source, and is electrically
connected to the tube. A heater, used to raise the temper-
ature of the cathode during activation and to facilitate
ignition, surrounds the downstream end of the hollow
cathode tube.

The HCA incorporates a cylindrical anode which sur-
rounds the hollow cathode in close proximity. The anode
is referred to as the keeper as it maintains, or keeps, the
cathode emitting during conditions when no external
emission current is demanded. The anode is described as
enclosed because it completely surrounds the hollow
cathode except for a single aperture directly downstream
of the hollow cathode orifice. This design is more
efficient than an open-keeper geometry because of the
higher internal pressures in the cathode/keeper region.

Upstream of the HCA cathode tube is an electrical
isolator which isolates the HCA from ISSA structure.
This allows the connection from the HCA cathode to the
station single point ground to be made via cable, and the
contactor emission current can then be monitored by
instrumentation within the power electronics unit.

An engineering mode] design of the HCA has been
completed and several units have been fabricated and are
under test. The HCA mass, less power cable and connec-
tor, is approximately 125 g (4.4 oz.). It is cylindrical in
shape, and has a length of approximately 11.5 cm and
maximum diameter of approximately 2.8 cm. The HCA
has three interfaces to the plasma contactor system,
including a mechanical attachment point to the ORU, a
single xenon gas line to the EMU, and a 3-conductor
electrical cable to the PEU. It’s design is compatible
with operation up to 10 A electron emission, with
anticipation of a two-year lifetime. A HCA, along with
a breadboard PEU, is shown in Figure 4. Design and
performance parameters for the HCA are listed in Table
2.

Performance
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The performance of several prototypes and engineering
model HCA’s of the design described previously have
been characterized, and results from these tests are
summarized in this section.

Ignition - Although continuous operation of the HCA is
anticipated, a number of power interruptions to the
plasma contactor system during the station assembly
process may occur which would require restarting the

HCA. Additionally, as a mission critical system aboard ..

a crewed vehicle, the HCA ignition process must be
understood and repeatedly demonstrated on a number of
test articles to establish confidence in the selected ap-
proach.

To define and verify conditions for HCA ignition, a test
stand was developed and testing was initiated.® Prelimi-
nary tests were conducted on a prototype HCA to define
the conditions necessary for reliable ignition including the
heater input power, pre-heat time, xenon cathode flow
rate, and ignition pulse magnitude and rise-time.

Results from these definition tests indicated that rcliable
ignition could be achieved at heater input power levels in
the power range validated by prior heater lifetests® (ap-
proximately 55 watts), within 300 seconds of energizing
the heater, and at the nominal flow rates anticipated for
steady-state operation of the HCA. These tests were
conducted at a peak pulse amplitude of approximately
300 volts, and pulse duration of approximately 20
microseconds. .

Subsequent to these definition tests, a long-duration
cyclic ignition test on a prototype HCA was performed to
validate the ignition requirements. This test consisted of
repeating a 20 minute cycle which consisted of a 5
minute cathode pre-heat, an ignition, a 5 minute operation
of the HCA in a steady-state idle mode, and a 10 minute
cool-down period. This ignition cycle subjects the HCA
to temperature variations from approximately 300 C to
1100 C.

More than 3300 sequential HCA ignitions were demon-
strated on the prototype HCA without a single ignition
failure, and the test was voluntarily terminated. Subse-
quent testing with an engineering model version of the
HCA was initiated, and to date more than 500 sequential
ignitions have been demonstrated without a single
ignition failure. Additional ignition testing is anticipated,
in order to demonstrate unit-to-unit repeatability with
multiple HCA units. A more detailed discussion of the
results of the ignition tests can be found in a companion
paper.? :

Idle mode operation - The majority of the time, approx-.

imately two-thirds of the orbital period, the HCA will be
operated in what is termed an idle mode. In this condi-
tion, the HCA is operated at a fixed anode current of 2.0
A. This current level was selected to maintain the hollow
cathode operating temperature in the range of 850-1150

degrees centigrade over the full range of contactor
emission currents of 0 to 10 A. This rather high current
reduces the total required hollow cathode emission range
to a 6:1 variation (from 2 to 12 amperes).

In idle mode operation, the static and dynamic imped-
ance of the anode discharge were evaluated at xenon flow
rates and currents which bracket the nominal operating
envelope for the HCA. These tests were conducted to
quantify unit-to-unit dispersions, and to characterize the
PEU and EMU interface specifications and stability
envelope.

Figure 5 shows the variation in HCA anode voltage
with variation in the xenon gas flow rate, for an anode
current of 2.0 A operating in idle mode (zero contactor
emission current). As indicated, the anode voltage
decreases with increasing xenon flow rate. By observa-
tion of the HCA plasma plume, and measurement of the
AC component of the anode current and voltage, it was
evident that the HCA was operating in "plume"’® mode
for flow rates below about 4.8 scem. Under these
conditions, a luminous plasma plume extended down-
stream of the plane of the enclosed keeper anode, and the
anode voltage noise was of the order of 8 volts peak-to-
peak at a frequency of about 500 kHz.

At flow rates above about 4.8 sccm, the HCA operates
in a quiet spot mode, with a peak-to-peak anode voltage

‘noise of less than 1 volt at frequencies above 1 MHz

Increasing the anode current above 2.0 A, or biasing the
HCA to emit a net electron current shifts the characteris-
tic of Fig. 5 to lower flow rates and hence reduces the
plume-spot transition flow rate.

Figure 6 shows the HCA anode voltage as a function of
anode current (from 1.75 A t0 2.25 A) for several xenon
flow rates over the range of interest. These data display
the typical negative slope volt-amp characteristic of a
plasma discharge. As indicated, for anode currents below
2.0 A, the HCA slips into plume mode operation at flow
rates below about 5.2 sccm. Above this flow rate, the
HCA operates in a quiet spot mode independent of the
value of anode current. '

The anode voltages identified in Figs. 5 and 6 are
typically repeatable to within approximately 0.2 V for a
single HCA unit, and to within approximately 1 V from

" unit-to-unit. Typical input power levels for the HCA are

approximately 28 watts at 6.0 sccm, and approximately
26 watts at 7.5 sccm, with 2.0 A anode current.

Clamping mode operation - As mentioned previously,
the HCA actively emits electron current to the space
plasma only during a small portion of the station orbital
period. This period is approximately for one-third of the
orbit, from dawn through noon when the solar arrays are
illuminated, generate power, and face in the ram direc-
tion. During this period, the HCA must emit an electron
current to the space plasma at least matching the net
electron current collected on the station solar arrays, and
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do so at a potential difference of < 20 volts (between
HCA cathode and space plasma potential) at all emission
current levels up to 10 A.

Figure 7 shows the typical emission characteristics for
the HCA as a function of xenon flow rate. As indicated,
the HCA exhibits low clamping voltages (( 20 voits) for
xenon mass flow rates down to about 5.3 sccm. Below
this flow rate the clamping voltage increases above 20
volts for emission currents greater than 2 amperes, but
then collapses above 5 amperes contactor emission
current due to gas breakdown. At about 3.8 sccm, the
electron emission current is limited by the gas flow rate,
and the clamping voltage rapidly increases above 20 volts
for emission currents greater than approximately 1.8 A.

Figure 8 shows the variation in HCA input power with
emission current, and it indicates approximately a 36%
reduction in power going from 0 to 5 A contactor emis-
sion current. This is due to a corresponding reduction in
anode voltage experienced with increased net hollow
cathode emission.

Lifetime

This section discusses preliminary test results obtained
to evaluate the lifetime capability of the hollow cathode
components and assembly.

Component weartests - The primary emphases in
component lifetesting to date has been in elimination of
contamination effects and hollow cathode heater fabrica-
tion. The former is to develop and validate procedures to
eliminate contamination effects as the life-limiting agent
for xenon hollow cathodes. This effort was motivated by
recent failures of hollow cathodes in the United States,
Europe, and Asia which have apparently been primarily
due to inadequate procedures to control contamination
during fabrication, assembly, testing, storage, handling,
and operation of the cathodes. Prior to initiation of the
hardware development program for space station, only
one extended-duration test of a xenon hollow cathode at
high () 1 A) emission currents had been reported which
had not suffered large deviations in performance which
were likely attributable to contamination. '’

On-going wear tests appear to have validated these
procedures. A xenon hollow cathode, of the design
employed in the space station HCA, has demonstrated to
date approximately 10,000 hours of steady-state opera-
tion at 12 A emission current.'? The test is progressing
uneventfully with negligible change in parameters critical
to lifetime, and with no significant changes in the cathode
starting characteristics. This test is approximately 20
times longer than any previous test which has not shown
performance variations attributable to contamination, and
is planned to continue to at least 17,500 h.

Four hollow cathodes recently completed a concurrent
2000 hour weartest, with all cathodes operating at a
steady-state emission current of 10 A.® Two of the

cathodes employed active gettering systems incorporated

" in the xenon feed system to remove oxide-bearing

compounds, and 2 cathodes operated without gettering
systems. Excellent unijt-to-unit repeatability was observed
from externally-measured parameters (cathode tip temper-
ature, and voltages, for example), and no variations in
performance attributable to insert contamination were
observed with any of the cathodes. Figure 9 shows the
anode voltage (tested in a planar diode geometry) for the
4 cathodes as a function of time. This weartest verified
procedures, demonstrated transportability of results
between test stands, and provided quantification of
contamination control requirements imposed on the EMU.
Subsequent to the weartest, in-situ analyses of the xenon
gas at point-of-use were conducted to quantify the levels
of contaminants, and these values will be used as guide-
lines for defining flight feed system requirements.

Work is progressing under contract at the Georgia
Technology Research Institute (GTRI) to define condi-
tions for storage and handling of the HCA, and to define
fabrication and inspection procedures for procurement of

. the flight HCA insert. One objective of the GTRI effort

is to provide quantitative information regarding the
interaction of the low work function impregnated electron
emitter of the HCA with the ambient environment in
which it is manufactured, handled, assembled, and stored.
These studies indicate that the negative consequences of
the exposure of the cathode insert to ambient conditions
(e.g., hydration) may be fully reversible via adequate hard
vacuum exposure, and that there may be the potential for
long-term exposure of the cathodes. These results will be
experimentally evaluated at NASA Lewis with engineer-
ing model hardware.

The heater design used in the HCA has also undergone
a series of weartests.'*!* Several engineering model units
have been fabricated and tested in a cyclic on/off mode.

__A total of 9 have been processed for component weartest-

ing, of which 5 have accumulated more than 6000
thermal cycles, simulating 6000 HCA restarts. Figure 10
shows the variation in peak input power versus cycle
number for several heaters. Eleven other units have been
integrated with engineering model hollow cathode assem-
blies, and other plasma sources, and 3 of these have
completed a 150 cycle performance acceptance/burn-in
test.

Lifetests of HCA - Lifetesting of multiple engineering
model hollow cathode assemblies will be initiated shortly
under conditions simulating the time-dependent emission
current profiles expected on orbit. These tests will be

_used to verify a 17,500 h lifetime capability of the HCA.

Figure 11 shows a schematic representation of the lifetest.
The HCA will be operated continuous with an anode dis-
charge, and it will emit an additional electron current to
an external anode, simulating the current drawn to the
space plasma, on regular intervals duplicating the ISSA
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orbit emission requirements.

Space Station Compatibility

The HCA was tested in conjunction with the breadboard
PEU to characterize the HCA radiated electromagnetic
emissions. The procedures used for the EMI tests were
based on MIL-STD-462, and the test and results are
described in detail elsewhere.*  The measurements
indicated that the HCA emissions for both idle mode and
clamping modes were within the SSP 30237 exterior
equipment EMI specification for frequencies ) 4 MHz,
while broadband noise and PEU switching harmonics
exceeded the SSP 30237 specifications by up to 20 dB
and 30 dB respectively, for frequencies < 4 MHz
Optical emissions in the 3000 - 9000 Angstrom wave-
length range were also quantified to evaluate the HCA as
an astronaut ocular hazard, and to assess its potential to
interfere with station navigational aids and space experi-
ments. Spectra were obtained at both the idle mode zero
emission current condition, and at a clamping mode of
2.5 A emission, and the extrapolated total emissive power
(side view) for these conditions was estimated to be ( !
mW in idle mode, and approximately 20 mW in clamping
mode. Based on these results, it appears that the HCA is
unlikely to pose an ocular hazard or to interfere with
station navigational aids or experiments,

Power Electronics Unit

Several breadboard PEUs have been fabricated, and
detailed integration testing of a PEU has been completed
with a HCA.” These tests were conducted to evaluate the
HCA electrical load characteristics to define the PEU/-
HCA interface, and they demonstrated stable operation of
the PEU in all operating regimes of the HCA, including
ignition, and steady-state operation of the heater and
anode discharge. Additional integration tests with several
engineering model HCA units will be conducted to assess
unit-to-unit repeatability. The PEU/HCA design will then
be validated via a long-duration (= 2500 h) weartest in
which the PEU will execute all HCA operations in an
autonomous fashion.

Expellant Management Unit

The expellant management unit (EMU) will be brought
to breadboard level in this pre-flight effort. To date, the
activities in the EMU effort have been focussed in defini-
tion of the contamination limits in the xenon gas reaching
the HCA, and definition of the xenon flow control
requirements for both ignition and steady-state operation.
These requirements have been established using laborato-

ry-type xenon feed systems. A breadboard xenon system

incorporating flight qualified components is now in

design, and it will be used to verify transportability of the '

procedures developed with the laboratory systems to
obtain the required xenon purity and flow control. The
breadboard EMU will then be integrated with the PEU

and an engineering model HCA, and a long duration (2
2500 h) weartest will be conducted to validate the
EMU/HCA interface specifications.

Concluding Remarks

The International Space Station Alpha (ISSA) has base-
lined a plasma contactor system for potential control of
space station structures to mitigate possible damaging
interactions with the space plasma. NASA has been
directed to initiate a plasma contactor development
program as a part of the station electrical power system.
Under this program, key subsystems for the plasma
contactor are being brought to an appropriate level for
transfer to U.S. industry for final development.

Progress in the development of the plasma contactor has
been made in key areas. Several prototype and engineer-
ing model hollow cathode assemblies have been fabricat-
ed, and their performance has been assessed. Conditions
for reliable HCA ignition have been defined, and verified
via long-duration testing. Ignition tests conducted to date
include a 3300-sequential ignition with a prototype HCA,
and a 500-sequential ignition test with an engineering
model HCA, both without ignition failure.

The static and dynamic impedance of the HCA anode
discharge were quantified under both idle and clamping
mode operation, at xenon flow rates and currents which
bracket it’s fiominal operating envelope. These tests were
conducted to quantify the operation of the device permit-
ting unit-to-unit measurements of dispersion, and charac-
terization of the PEU and EMU interface specifications
and stability envelope. Typical input power levels for
steady-state idle mode operation of the HCA are approxi-
mately 28 watts at 6.0 sccm, and approximately 26 watts
at 7.5 sccm, with 2.0 A anode current. Clamping mode
operation of the HCA was examined for emission currents
up to 10 A. The HCA exhibited low clamping voltages
(( 20 volts) for xenon mass flow rates as low as about 5.3
scem.

Preliminary test results were obtained to evaluate the
lifetime capability of the hollow cathode components and
assembly. The primary emphasis in component lifetesting
was in two areas; elimination of contamination effects,
and hollow cathode heater fabrication. The former is to
develop and validate procedures and protocols to elimi-
nate contamination effects as the life-limiting agent for
xenon hollow cathodes. A xenon hollow cathode, of the
design employed in the space station HCA, has demon-
strated to date approximately 10,000 hours of steady-state
operation at 12 A emission current. The test is pro-
gressing uneventfully with negligible change in parame-
ters critical to lifetime. Additional testing of four hollow
cathodes to 2000 hours verified procedures, demonstrated
transportability of results between test stands, and provid-
ed quantification of contamination control requirements
imposed on the xenon expellant management unit.

The heater design used in the HCA has also undergone
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a series of weartests. A total of 9 units have been pro-
cessed for component weartesting, of which 5 have
accumulated more than 6000 thermal on/off cycles,
simulating 6000 HCA restarts.

Lifetesting of multiple engineering model hollow
cathode assemblies will be initiated shortly under condi-
tions simulating the time-dependent emission current
profiles expected on orbit. These tests will be used to
verify a 17,500 h lifetime capability of the HCA.

Several breadboard PEU units have been fabricated, and
detailed integration testing of a PEU was completed with
a HCA. These tests demonstrated stable operation of the
PEU in all operating regimes of the HCA, including
ignition, and steady-state operation of the heater and
anode discharge. Additional integration tests with several
engineering model HCA units will be conducted to assess
unit-to-unit repeatability.

A breadboard xenon system incorporating flight quali-
fied components is now in design, and it will be used to
verify transportability of the procedures developed with
the laboratory systems to obtain the required xenon purity
and flow control. This breadboard EMU will then be
integrated with the power electronics unit and an engi-
neering model HCA, and a long duration (= 2500 h)
weartest will be conducted to validate the EMU/HCA and
PEU/HCA interface specifications.
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FUNCTIONAL TESTING OF THE SPACE STATION PLASMA CONTACTOR

Table 1 Plasma Contactor Subsystems

subsystem

function

key technology issues

hollow cathode
assembly
{HCA}

® provides electron retum
current to control station
potential

* long life and performance
® environmental effects on performance
¢ uncertainties in key parameters
® issues of scale

power electronics

» provides command/control/
and telemetry interface
e converts 120 VDC
station power to levels needed by

 arc ignition and contro!

unit HCA and EMU * EM compatibility
{PEU} ¢ activates, ignites, and ¢ fault detection and resolution
maintains HCA operation
® detects and resolves faults
expellant ¢ provides regulated flow ¢ control of reactive contaminants
management unit of xenon gas to HCA * flow control
{EMU}

orbit replaceable

eprovides mechanical,
electrical, command/control/

unit " telemetry,and thermal interface
{ORU} between contactor system and station
e provides micrometeroid
protection
Table 2 Space Station Engineering Model HCA Attributes
Design Mechanical Characteristics

¢ enclosed-keeper geometry * mass: 125 g (4.4 oz)
* hollow cathode with low-work function electron emit- ¢ parts count: 30
ter o shape: cylindrical
s size/vol.: 11.5 ¢m length x 2.8 ¢m dia./71 cm®
Performance
Interfaces
* maximum electron emission current: 10 A
¢ input power {typical} ¢ mechanical attachment to ORU box
e ignition/heater power: ¢ single expellant feed line to EMU
S47TW {12 A@ 7.7V} s 3-pin electrical connector to PEU

e steady-state operation/keeper power:
28 W {2.0 A @ 14 V} idle mode
e expellant: xenon
e xenon consumption rate {typical}: 18.6 kg/yr; *
6.0 sccm .
o lifetime: 17,500 h expected

Development Status

prototype test program completed
engineering mode! completed and in testing




Fig.1 Space station plasma contactor system conceptual design.
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Fig. 2 Electrical test configuration for HCA.



-

test stand

1on

integrat

3 Plasma contactor system

ig.

F

ing model

1neer

.

it and eng

.4 Breadboard power electronics un

A,

¢

H

10



20

16

14

ANODE VOLTAGE, V
3
o |

12

10 . . N . . "
0 2 4 6 8 10 12

XENON FLOW RATE, SCCM
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Fig. 9 Electrode voltage versus time for several hollow cathodes;
from Ref. 13.
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